We report here the presence of two enzymatic activities associated with highly purified preparations of polynucleotide phosphorylase from Micrococcus luteus. The first, a nuclease activity, which is not separated from the phosphorylase on hydroxylapatite, may be due to substitution of rLO for phosphate in the phosphorolysis reaction. The second ac tivity, a deoxyadenylate kinase, the bulk of which is not resolved from the phosphorylase using gel filtration, sucrose density gradient centrifugation, DEAE-Sephadex, or hydroxylapatite chromatography, may represent a new activity of polynucleotide phosphorylase or be due to an enzyme which is tightly bound to the phosphorylase. Several properties of the kinase are described and its possible significance with respect to the overall enzyme mechanism is discussed.
contaminant protein bands when subjected to polyacrylamide gel electrophoresis as described (4) .
Polynucleotide phosphorylase was assayed for the polymerization of ADP in the presence or absence of primer (ApJV) at pH y.O and for the phosphorolysis of Poly(A) at pH 8.2 as previously described (4) .
The deoxyadenylate kinase reaction was carried out at pH 6.5 and contained the following components: Na cacodylate, pH 6.5, 0.06 M; dADP (containing 5 x 10 cpm per nmole), 0.18 mM; MgCK, 0.9 mM; and enzyme in a f i n a l volume of 0.016 ml. The [ C]dADP used was contaminated to the extent of 0.2% with dATP and 1% with dAMP. Ten p.1 of enzyme, usually in 0.01 M Tris-HCl, pH 8.2 -0.1 M NaCl -1 mM MgCl,, -1 mM mercaptoethanol, was added to a 6 nl reaction mixture.
Two separate methods were used to analyze the products of the reaction.
In the f i r s t method, the reaction was terminated by the addition of 1.0 ml of 1 mM EDTA. AMP, K.,HP0 4 , and ADP (2.5u.moles each in a total volume of 30 p.1) were added to the mixture which was then applied to a 1.5 ml column of Bio-Rad AG1X2, 200-400 mesh. The column was eluted sequentially with 2 x 5 ml of 25 mM NH.C1, 10 x 1 ml of 0.01 N HC1 (AMP or dAMP eluted), 10 x 1 ml of 0.01 N HC1 -0.02 M NaCl (phosphate eluted), 10 x 1 ml of 0.01 N HC1 -0.05 M NaCl (ADP or dADP eluted), and 10 x 1 ml of 0.01 N HC1 -0.2 M NaCl (ATP or dATP eluted). One-millil i t e r fractions were collected in v i a l s and counted with 7 ml of counting f l u i d ( l i q u i f l u o r -T r i t o n X-100-toluene, 1:6:12). In the second procedure, the reaction was terminated by
The abbreviation used i s : Ap-,A, (Adenylyl), adenosine (ApApApA).
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2924 ~ the addition of 1 u.1 of 0.1 M EDTA followed by the addition of 1 ^1 of a mixture of AMP and ATP (0.1 M each). Ten microliters of the mixture were spotted on PEI-cellulose plates (Brinkmann) which had previously been washed in water. Chromatography was carried out in 0.75 M KH^PO., pH 3.6, until the solvent front was 15 cm from the origin. The ATP spots (and in some experiments, the AMP spots as well) were localized under ultraviolet light, cut out, and counted in 1 ml HJi and 7 ml of counting fluid. This system separates nucleoside mono-, di-, and triphosphates, but does not separate ribo-and deoxyribo-compounds.
The kinase assays were carried out by the second procedure (chromatography on PEI-cellulose plates) unless otherwise specified.
One unit of kinase activity is defined as that amount of enzyme required to convert 2 nmoles of dADP to 1 nmole of dATP and 1 nmole of dAMP per hour.
Ribonuclease activity was assayed by a method similar to that of the kinase. The reaction mixture contained the following components: Na cacodylate, pH 6.5, 0.06 M; [ C]Poly(A) (containing 2500 cpm per nmole), 0.25 mM (with respect to AMP residues); MgCl.,. 7 mM; and enzyme in a final volume of 0.016 ml. The enzyme, in the buffer described above, was added to 6 jxl of the other components in a volume of lu jxl. Incubation was carried out at 37° for 2U min. The reaction was terminated by the addition of 1 nl of 0.1 M EDTA followed by the addition of 1 u.1 of 0.2 M AMP. Ten microliter aliquots were spotted on PEI-cellulose plates. Chromatography was carried out in 1.0 M LiCl until the solvent front was 15 cm from the origin. The AMP spots were localized, cut out, and counted as described above. One unit of nuclease is defined as that amount of enzyme required to liberate 1 nmole of AMP from Poly(A) in 1 hour. Units of polynucleotide phosphorylase are as previously described (4) .
RESULTS
Identification of the Reaction Products of dADP Polymerization: Tc identify the nature of the 5'-terminus of polynucleotide phosphorylase synthesized polynucleotides, experiments were carried out with the use of The experiments were repeated, but this time the products were analyzed using the ion-exchange chromatography method described above. It was found that an equal amount of both dAMP and dATP had been produced, and that the amounts produced could be accounted for by the 32 disappearance of dADP ( Table I ). The dAMP produced contains no P, Several different preparations of highly purified polynucleotide phosphorylase were tested for both polymerization and kinase activities. These preparations, purified up to but not including the usual final step (4), contained one contaminant protein band as judged by polyacrylamide gel electrophoresis. They were assayed at this stage of purity in order to follow the phosphorylase and kinase activities through the last purification step. The results of this experiment are shown in Table II . In all cases, the ratio of polymerization to kinase was virtually identical. Attempted Separation of Poiynucleotide Phosphorylase and Deoxyadenylate Kinase: Several attempts were made to separate the deoxyadenylate kinase from the polynucleotide phosphorylase. One of the purified enzyme preparations described above was applied to a Sepharose 6B column (Fig. 3A) . Fractions were collected and monitored for both phosphorylase and kinase activities. The enzyme was also centrifuged in a sucrose gradient (Fig.  3B ). Fractions were collected and analyzed as above. In both of these procedures, gel filtration and density gradient centrifugation, the kinase 2928 ~~ One m i l l i l i t e r of highly purified polynucleotide phosphorylase {2.Z mg) was applied to a Sepharose 6B column (0.9 x 57 cm) equilibrated with 0.01 M Tris-HCl, pH 8.2 -0.1 M NaCl -1 mM MgCl 2 -1 mM mercaptoethanol. The enzyme was eluted with the above buffer and fractions (1 ml) were monitored for A 2 8 Q , phosphorylase, and kinase. B.
One-tenth of a m i l l i l i t e r of highly purified polynucleotide phosphorylase (0.22 mg) was applied to a 4.8 ml 5-20S linear sucrose gradient in 0.01 M Tris-HCl, pH 8.2 -0.1 M NaCl -1 m M MgCl 2 -1 mM mercaptoethanol. Centrifugat i o n was carried out at 49,000 rpm i n an Sw 50.1 rotor (Beckman) for 7 hours. Fractions (5 drops) were collected and monitored for A 280 ,phosphorylase, and kinase. .5 -0.1 M NaCl -1 mM mercaptoethanol and were applied to a hydroxyl apatite column (2.6 x 7.5 cm) which had been equilibrated with the above buffer. The enzyme was eluted with a linear (NH 4 ) 2 S0 4 gradient (0.2-1.0 M) in the above buffer. Fractions (6.0 ml) were collected as described ( 1 ) , concentrated to 1-2 ml on an Amicon PM-10 u l t r a f i l t e r and dialyzed vs. 0.01 M T r i s , pH 8.2 -0.1 M NaCl -1 mM MgCl 2 -1 mM mercaptoethanol, and assayed for protein, phosphorylase, kinase, and nuclease.
except that ADP (0.25 mM) was substituted for dADP and the MgCl 2 concentrat i o n was 5 mM. Under these conditions, at pH 6.5, ATP was formed in amounts s i m i l a r to those found for dATP formation i n the deoxyadenyl ate kinase reaction; however, much of the ADP appeared to be converted to AMP (9.4 nmoles/hr. as compared to 0.2 nmoles of ATP formed/hr.) Since the data in Sepharose 6B (133) (Fig. 3) Sucrose Gradient (133) (Fig. 4) DEAE Sephadex (133) DEAE Sephadex (133) ( Table I and Fig. 2 suggest the absence of phosphatase, we considered the possibility that the AMP produced was the result of polymerization by polynucleotide phosphorylase followed by nuclease attack on the newly synthesized Poly(A). In order to test this possibility, the enzyme preparation was assayed for nuclease as described in "Materials and Methods."
The results, shown in Fig. 6 , indicate that the nuclease activity measured under these conditions is approximately bU times as great as that of the kinase (with dADP as substrate). Since no detectable oligonucleotides were observed in this assay, this activity represents either an exonuclease or a limiting amount of endonuclease plus an excess of exonuclease.
In an attempt to remove the nuclease, the enzyme was chromatographed on hydroxylapatite (Fig. 5) . As can be seen, the elution pattern of the Table IV , show that the kinase, which is most active at pH 6.6, retains about 40% of its activity at pH 8 (the optimum for phosphorolysis) and about 25% of its activity at pH 8.9 (the optimum for polymerization).
The nuclease, also most active at pH 6.6, has virtually no activity at the We are currently undertaking further studies to determine whether or not there is a relation between the kinase activity and the overall reaction catalyzed by polynucleotide phosphorylase.
